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(57) ABSTRACT

A reciprocating tool (1) includes a housing (20, 30), a driving
source (21), a reciprocation conversion unit (34, 36), —and a
vibration reduction mechanism (30). The driving source 1s
accommodated 1n the” housing. The reciprocation conversion
unit (34, 36) 1s supported by the housing and 1s configured to
convert a driving force of the driving source into a recipro-
cating motion for providing a tool bit (16) movably supported
to the housing with a reciprocating motion. The vibration
reduction mechanism (70) includes a shaft (72), a weight
(71), a support member (73), and a urging portion (74). The
shaft 1(72)s supported by the housing and extending in a
direction perpendicular to directions of the reciprocating
motion of the tool bit (41) t and has an axis. The weight (71)
1s located away from the shaft (72) and i1s swingable 1n a
swinging direction. The support member (73) swingably sup-
ports the weight (71) about the axis of the shaft (72). The
urging portion (74) urges the weight (71) toward a prescribed
position of the weight in the swinging direction with respect
to the housing.
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1
RECIPROCATING TOOL

TECHNICAL FIELD

The present invention relates to a reciprocating tool, more
particularly, to a reciprocating tool that has a vibration reduc-
tion mechanism.

BACKGROUND ART

Reciprocating tools (electrical tools) that have a vibration

reduction mechanism known as dynamic vibration absorber,
have been proposed. The electric tool 1includes a housing, a
working tool, a motor, a reciprocation conversion unit, and a
striking mechanism. The working tool can reciprocate with
respect to the housing. The motor, the reciprocation conver-
sion umt, and the striking mechanism are provided in the
housing. A handle 1s fixed to the back of the housing. A
cylinder 1s provided on the lower part of the housing. The
cylinder serves as vibration control chamber.
In the vibration control chamber, a guide bar 1s provided.
The guide bar extends parallel to the direction 1n which the
working tool reciprocates. A first weight 1s mounted on the
guide bar. The first weight 1s inserted 1nto a first through hole
of a second weight. The second weight 1s inserted to a
second through hole of a third weight. One ends of three
springs abut on both ends of each weight, respectively. The
other ends of the springs abut on a part of the housing that
constitutes the vibration control chamber.

With this structure, the first to third weights slide on one
another along the guide bar, with respect to the housing, due
to the vibration generated by the reciprocating motion of the
working tool. Therefore, the vibration can be reduced. A
reciprocating tool of such a configuration 1s disclosed 1n, for

example, Japanese Patent Application Publication No. S32-
109673.

DISCLOSURE OF THE INVENTION

In the conventional reciprocating tool described above, the
first weight slides on the guide bar and the first to third
weights slide on one another. Inevitably, the sliding resistance
1s so large that the first to third weights cannot slide sufli-
ciently. Consequently, the vibration generated by the recip-
rocating motion of the working tool can hardly be reduced
suificiently.

The conventional reciprocating tool described above
includes the cylinder and the shaft. The cylinder holds the
weilghts and the springs, and shatt passes through the weights
and springs. Thus, the weights and springs are set 1n coaxial
alignment and can move linearly. Accordingly, the use of the
cylinder and the shaft leads an expensive reciprocating tool.

In the conventional reciprocating tool, the first to third
weights and the springs are independent parts. Therefore,
disassembling, repair and reassembling of the vibration
reduction mechanism have been ditficult.

Accordingly, an object of the present invention 1s to pro-
vide a reciprocating tool having a vibration reduction mecha-
nism that 1s capable of being inexpensive, 1s capable of sul-
ficiently reducing vibration, and i1s capable of prolonging
service life.

Another object of the present mvention 1s to provide a
reciprocating tool having a vibration reduction mechanism
that 1s easy to disassemble, repair and reassemble.

In order to attain the above and other objects, the present
invention provides a reciprocating tool including a housing, a
driving source, a reciprocation conversion unit, and a vibra-
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tion reduction mechanism. The driving source 1s accommo-
dated in the housing. The reciprocation conversion unit 1s
supported by the housing and 1s configured to convert a driv-
ing force of the driving source 1nto a reciprocating motion for
providing a tool bit movably supported to the housing with a
reciprocating motion. The vibration reduction mechanism
includes a shaft, a weight, a support member, and an urging
portion. The shatt 1s supported by the housing and extending
in a direction perpendicular to directions of the reciprocating
motion of the tool bit and has an axis. The weight 1s located
away from the shaft and 1s swingable 1n a swinging direction.
The support member swingably supports the weight about the
axis of the shaft. The urging portion urges the weight toward
a prescribed position of the weight 1n the swinging direction
with respect to the housing.

With this structure, a sliding resistance generates only
between the support member and the shaft, while the weight
swings. Thus, the sliding resistance that develops as the
weight moves with respect to the housing can be reduced.
Accordingly, the weight can be swung sulliciently as a result
of the vibration of the reciprocating tool generated by the
reciprocating motion of the tool bit, thereby reducing the
vibration of the reciprocating tool suificiently. Moreover, a
durability of the reciprocating tool can be improved due to the
low sliding resistance.

In addition, a distance the support member moves can be
reduced, and the space in which the support member moves
can therefore be reduced. Furthermore, the urging portion
may be provided not to project from both ends of the weight
in the swinging direction.

Preferably, a pair of the vibration reduction mechanisms
are provided. The pair of the vibration reduction mechanisms
1s positioned symmetrically to each other with respect to an
axis of the tool bat.

With this structure, the pair of vibration reduction mecha-
nisms can reduce the vibration of the reciprocating tool gen-
erated by the reciprocating motion of the tool bit, because the
pair of vibration reduction mechanisms 1s provided sym-
metrical to each other with respect to the axis of the tool bit.

Preferably, a swing-range restricting portion 1s capable of
restricting a swing angle range of the weight 1n a swing
direction of the weight.

With this structure, the excessively swing (the swing range
in the swinging direction) of the weight can be restricted
reliably and easily, thereby avoiding the deformation and
damage of the urging portion.

Preferably, the support member has one end portion mov-
able about the axis of the shait and another end portion con-
nected to the weight. The support member and the weight are
integrally swingable. The swing-range restricting portion
includes a first contact member made of a resilient material
and capable of preventing the weight and the support member
from swinging beyond a first predetermined angle upon abut-
ment of the one end portion on the first contact member.

With this structure, the first elastic member function as
swing-range restricting member for preventing the weight
and the support member from swinging beyond the first pre-
determined angle.

Preferably, the swing-range restricting portion includes a
pair of second contact members. Fach second contact mem-
ber 1s provided on each end of the weight 1n the swinging
direction. Each of the second contact members abuts on the
housing when the weight swings by a second predetermined
angle.

With this structure, since the second contact members abut
the housing when the weight swings by the second predeter-
mined angle, the excessively swing (the swing range in the
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swing direction) of the weight can be restricted reliably and
casily. It the second contact members are made of resilient
material, the impact force of the second contact members can
be butfered when the second contact members strongly hit the
housing, thereby avoiding the breakage and deformation of
the housing, and vibration by hit of the second contact mem-
bers.

Preferably, the urging portion includes a pair of leaf springs
cach having one end and another end. The one end of the leaf
spring 1s capable of contacting the weight. The another end of
the leal spring 1s fixed to the housing.

With this structure, the vibration reduction mechanism
does not occupy so large a space as in the case where the
mechanism includes springs. Therefore, the reciprocating
tool can have a compact size.

Preferably, the axis of the shait 1s spaced apart from a
gravity center of the reciprocating tool.

With thus structure, the weight can be greatly vibrated as a
result of the vibration of the reciprocating tool generated by
reciprocating motion of the tool bit, thereby reducing the
vibration of the reciprocating tool effectively.

Preferably, a striking mechanism 1s provided between the
tool bit and the vibration reduction mechanism and a handle
1s provided on the housing. The vibration reduction mecha-
nism 1s positioned between the striking mechanism and
handle.

With this structure, the vibration of the reciprocating tool
generated by the reciprocating motion of the tool bit can be
elfectively reduced.

Preferably, the driving source includes a motor having an
output shaft. The reciprocation conversion unit includes a
crank shait, a crank weight, a crank pin, and a connecting rod.
The crank shaft extends parallel to the output shatt. The crank
weilght rotates with a rotation of the crank shaft. The crank pin
rotates about the crank shaft with a rotation of the crank
weight. The connecting rod has one end connected to the
crank pin and another end capable of reciprocating 1n the
directions of the reciprocating motion. The crank shaift 1s
positioned between the output shait and the striking mecha-
nism.

With this structure, since the crank shaft 1s located between
the output shait and the striking mechanism, a dead space 1s
formed between the handle and the reciprocation conversion
unit. The vibration reduction mechanism can be provided in
this dead space. Thus, the space 1n the housing can be used
cificiently.

Preferably, the support member 1s swingably supported to
the shaft.

With this structure, since the support member 1s swingably
supported to the shait, the vibration reduction mechanism can
casily be assembled by forming a hole in the support member
tor being passed through the shait. Furthermore, the vibration
reduction mechanism can be simple 1n structure, because the
support member can swing about the shaft without using
bearings.

Preferably, the weight 1s positioned on or near an 1magi-
nary line extending from a locus of the reciprocating motion
ol the tool bit.

With this structure, Moreover, the vibration of the recipro-
cating tool caused by the reciprocating motion of the tool bit
can be effectively reduced, because the weight swings on or
near the imaginary line extending from the locus of the recip-
rocating motion of the tool bit.

Preferably, the urging portion includes a pair of leaf springs
cach having a restricted part, a contact part, and a deformable
part. The restricted part 1s fixed to the housing, 1s motion-
restricted by the housing and has one end portion connected to

5

10

15

20

25

30

35

40

45

50

55

60

65

4

the deformable part. The contact part 1s capable of contacting
the weight. The deformable part 1s interposed between the
restricted part and the contact part. The deformable part
includes a small-width region having a width, 1n an axial
direction of the shaft, smaller than that of the one end portion
of the restricted part.

This structure can ensure the strength of the each leaf
spring while avoiding an increase in the length thereof and
can yield a small spring constant.

Preferably, the small-width region has a width gradually
narrower toward the contact part.

With this structure, the stress concentration in the small-
width region can be avoided when each leal spring 1s
deformed.

Preferably, the deformable part turther includes a large-
width region having a width, 1n the axial direction of the shaft,
broader than that of the one end portion of the restricted part.
The small-width region 1s interposed between the large-width
region and the contact part.

With this structure, the stress 1s uniformly distributed in the
entire edge of the leat spring. This prevents the leatl spring
from being broken at the edge thereof. The lifetime of the leaf
spring can therefore be prolonged.

Preferably, the contact part has a width 1n the axial direc-
tion of the shaft broader than that of the small-width region.

With this structure, the surface pressure between the con-
tact part and the weight can be reduced while the contact part
slides on the weight. This suppresses the wearing of not only
the contact part, but also the weight.

Preferably, the housing includes a storage section accom-
modating the vibration reduction mechanism, and a cover
detachably provided and covering the storage section. The
vibration reduction mechanism 1s detachable with respect to
the storage section through the cover.

With this structure, since the cover 1s the sole component
that surrounds the vibration reduction mechanism, the vibra-
tion reduction mechanism 1s easy to detach from the recipro-
cating tool. This renders the vibration reduction mechanism
casy to disassemble, repair and reassemble.

Preferably, the vibration reduction mechanism 1s modular-
1zed.

With this structure, the vibration reduction mechanism can
be treated an assembly and can be attached to, and detached
from the reciprocating tool. Accordingly, the vibration reduc-
tion mechanism can be easy to disassemble, repair and reas-
semble.

Preferably, the housing includes a crank cover covering the
reciprocation conversion unit and integrally formed with the
cover.

With this structure, since the crank cover can cover the
reciprocation conversion unit and the vibration reduction
mechanism, the reciprocating tool can be reduce number of
parts.

Preferably, the housing includes a crank case supporting
the reciprocation conversion unit and made of a rigid mate-
rial. The crank case includes the storage section.

With this structure, the weight and the support member can
stably swing, because the vibration reduction mechanism 1s
fixed to the storage section of the crank case that 1s made from
rigid material.

In another aspect of the present invention, there 1s provided
a reciprocating tool includes a housing, a driving source, a
reciprocation conversion unit, and a vibration reduction
mechanism. The driving source 1s accommodated in the hous-
ing. The reciprocation conversion unit 1s supported by the
housing and 1s configured to convert a driving force of the
driving source into a reciprocating motion for providing a tool




US 8,261,854 B2

S

bit movably supported to the housing with a reciprocating
motion. The vibration reduction mechamism acts by a vibra-

tion of the housing as a result of the reciprocating motion of

the reciprocation conversion unit. The housing includes a
storage section accommodating the vibration reduction
mechanism, and a cover detachably provided and covering,
the storage section. The vibration reduction mechanism 1s
detachable with respect to the storage section through the
cover.

Preferably, the vibration reduction mechanism 1s modular-
1zed.

Preferably, the housing includes a crank cover covering the
reciprocation conversion unit and integrally formed with the
cover.

Preferably, the housing includes a crank case supporting,
the reciprocation conversion unit and made of a rigid mate-
rial. The crank case includes the storage section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing a reciprocating,
tool (impact tool) according to a first embodiment of the
present invention;

FI1G. 2 1s a cross-sectional view showing the reciprocating,
tool according to the first embodiment of the invention, with
a crank cover removed from the reciprocating tool;

FIG. 3 1s a perspective view showing a vibration reduction
mechanism of the reciprocating tool according to the first
embodiment of the invention;

FIG. 4 1s a cross-sectional view showing the vibration
reduction mechanism, taken along line IV-IV 1 FIG. 1;

FIGS. SA to 5C are cross-sectional views explaining an
operation of the vibration reduction mechanism of the recip-
rocating tool according to the first embodiment of the inven-
tion, FIG. 5A being a cross-sectional view showing the
welght staying at a prescribed position, FIG. 5B being a
cross-sectional view showing the weight rotated 1n one direc-
tion of vibration, and FIG. 5C being a cross-sectional view
showing the weight vibrated in the other direction of vibra-
tion;

FIG. 6 1s a front view of a leal spring of the vibration
reduction mechanism of the reciprocating tool according to
the first embodiment of the present invention;

FIGS. 7A to 7C are rear perspective views explaining a
method of removing the vibration reduction mechanism from
the reciprocating tool according to the first embodiment of the
present invention, FIG. 7A showing the reciprocating tool not
disassembled the crank cover yet, FIG. 7B showing the recip-
rocating tool with the crank cover removed, and FIG. 7C
showing the reciprocating tool with the vibration reduction
mechanism removed;

FIG. 8 1s a perspective view showing a reciprocating tool
according to a second embodiment of the present invention;

FI1G. 9 15 a partially cross-sectional view showing a recip-
rocating tool according to the second embodiment of the
present invention;

FI1G. 10 1s a sectional view showing the vibration reduction
mechanism of the reciprocating tool, taken along line X-X in
FIG. 9;

FIG. 11 1s a cross-sectional view showing a reciprocating,
tool according to a third embodiment of the present invention;

FI1G. 12 1s a partially cross-sectional view of a the recipro-
cating tool according to a modification to the first embodi-
ment of the invention; and
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FIG. 13 1s the leaf spring of the reciprocating tool accord-
ing to a modification to the first embodiment of the invention.

BRIEF DESCRIPTION OF REFERENC.
NUMERALS

T

1, 101, 201: impact tool

20: motor housing

21: electrical motor

22: output shait

30: gear housing

31A: gear cover

31B: crank case

31B1: crank supporting section
31B2: storage section

32: cylinder case
33A: hood

33B: crank cover

33B1: main cover section

33B2: extension section

33C: back cover

36: motion conversion mechanism
377: crank weight

38: crank pin

39: connecting rod

44: striking member

46: mtermediate member

70, 170: vibration reduction mechanism
71, 171: weight

72: shaft

73, 173: support member

73 A: extension part

74, 274: leal spring

74a, 274a: contact part

74b, 274b: deformable part

7451, 27451 small-width region
7452 large-width region

74c, 274c: root part

74d, 274d: fixed part

75: elastic member

77: clamp member

79: leal-spring supporting member
131A: swing restricting member
172: support shaift

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

L1
=]

ERRED

A reciprocating tool according to a first embodiment of the
present invention will be described while referring to FIGS. 1
through 7. The reciprocating tool of the first embodiment 1s
applied to an 1mpact tool 1. In FIG. 1, the left side will be
described as the front side of the impact tool 1 and the right
side will be described as the back side of the impact tool 1.
The impact tool 1 includes a casing having a handle 10, a
motor housing 20, and a gear housing 30 connected with one
another.

A power cable 11 1s attached to the handle 10. The handle
10 houses a switch mechanism 12. A trigger 13 that can be
mampulated by the user 1s mechanically connected to the
switch mechanism 12. The switch mechanism 12 1s con-
nected to an external power source (not shown) through the
power cable 11. By operating the trigger 13, an electrical
motor 21 described later can be connected to and discon-
nected from the external power source. Also, the handle 10
includes a grip 14 that 1s gripped by the user when the impact
tool 1 1s used.
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The motor housing 20 1s positioned at a lower front side of
the handle 10. The electrical motor 21 1s accommodated in the
motor housing 20. The electrical motor 21 includes an output
shaft 22 that outputs a driving force of the electrical motor 21.
A pimion gear 23 1s provided on the end of the output shait 22
and 1s positioned 1n the gear housing 30. A control unit 24 for
controlling a rotation speed of the electrical motor 21 1is
located on the motor housing 20 behind the electrical motor

21.

As shown 1n FIGS. 1 and 2, the gear housing 30 includes a
gear cover 31A, a crank case 31B, a cylinder case 32, a hood
33A,acrank cover 33B, and a back cover 33C. The gear cover

31A 1s arranged above the motor housing 20. The crank case
31B is arranged above the gear cover 31A. Therear end of the
crank case 31B 1s connected to the handle 10. The crank case
31B 1s made of aluminum (high-hardness material) and has a
crank supporting section 31B1 and a storage section 31B2.
The crank supporting section 31B1 supports a reciprocation
conversion unit described later. The storage section 31B2
holds a vibration reduction mechamsm 70 described later. As
shown i FIG. 2, the crank supporting section 31B1 and
storage section 31B2 are formed with a first opeming 31¢ and
a second opening 31d, respectively. Through the first opening
31¢, components, such as a motion conversion mechanism 36
and a piston 43 (both will be described later) can be replaced
with new ones, and o1l can be supplied to these components.
The cylinder case 32 1s located at the front end of the crank
case 31B.

The hood 33 A covers the gear cover 31A and the lower part
ol the crank case 31B to constitute an outer shell. The crank
cover 33B i1s detachably provided on the crank case 31B with
bolts 33D (see FIGS. 7A and 7B), from above the crank case
31B. The crank cover 33B 1s an outer shell member that
covers the reciprocation conversion unit (described later).
The crank cover 33B i1s made of resin and includes a main
cover section 33B1 and an extension section 33B2. The
extension section 33B2 extends from the rear end of the main
cover section 33B1 toward the handle 10. The main cover
section 33B1 covers the first opening 31¢ (reciprocation con-
version unit). The extension section 33B2 covers the second
opening 31d (vibration reduction mechanism 70). The back
cover 33C 1s secured at the back of the motor housing 20 and
crank case 31B. The lower end of the back cover 33C 1s
connected to the handle 10.

A crank shaft 34 that extends parallel to the output shait 22
1s rotatably supported on the front side of the pinion gear 23
in the gear cover 31 A and the crank supporting section 31B1
of the crank case 31B. A first gear 35 that 1s meshingly
engaged with the pinion gear 23 1s coaxially fixed to the lower
side of the crank shaft 34. Further, a gear 35A 1s coaxially
fixed to the lower end of the crank shaft 34. The motion
conversion mechanism 36 1s provided at the upper side of the
crank shait 34. The motion conversion mechanism 36 has a
crank weight 37, a crank pin 38, and a connecting rod 39. The
crank weight 37 1s fixed to the upper end of the crank shait 34.
The crank pin 38 1s fixed to the end portion of the crank weight
3’7 and 1s mserted 1nto the rear end of the connecting rod 39.
The crank shaft 34 and the motion conversion mechanism 36
correspond to the above-mentioned reciprocation conversion
unit. The reciprocation conversion unit 1s supported by the
crank supporting section 31B1.

A rotation transmission shait 31 extending parallel to the
crank shait 34 1s rotatably supported on the front side of the
gear 35A 1 the gear cover 31A and the crank supporting

section 31B1 of the crank case 31B. A second gear 52 that 1s
meshingly engaged with the gear 35A 1s coaxially fixed to the
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lower end of a rotation transmission shaft 51. A first bevel
gear S1A 1s coaxially fixed to the upper end of the rotation
transmission shaft 31.

A cylinder 40 extending 1n a direction perpendicular to the
output shait 22 1s provided 1n the front part of the crank case
31B and 1n the cylinder case 32. The center axis of the cylin-
der 40 and the rotation axis of the output shatt 22 are posi-
tioned on a same plane. A piston 43 1s provided in the cylinder
40 and 1s slidably provided along the inner periphery of the
cylinder 40. The piston 43 reciprocates 1n the axial direction
of the cylinder 40. The piston 43 includes a piston pin 43A
that 1s inserted into the front end of the connecting rod 39. A
striking member 44 1s provided in the front section of the
cylinder 40 and 1s slidably provided along the inner periphery
of the cylinder 40 1n the axial direction thereof. An air cham-
ber 45 1s formed among the cylinder 40, the piston 43, and the
hammer 44.

A rotating cylinder 50 1s rotatably supported in the hammer
housing 32. The rotating cylinder 50 surrounds the front
section of the outer perimeter of the cylinder 40. The rotating
cylinder 50 extends forward of the cylinder 40, and a tool
support portion 135 1s provided at the end of the rotating
cylinder 50 and 1s capable of attaching or detaching a working
tool 16. A second bevel gear 50A that 1s meshingly engaged
with the first bevel gear S1A 1s provided on the rear end
portion of the rotating cylinder 50. The center axis of the
rotating cylinder 50 and the rotation axis of the output shatt 22
are positioned on a same plane. Also, an intermediate member
46 1s provided 1n the front side of the striking member 44 and
1s slidably provided against the rotating cylinder 50. The
intermediate member 46 reciprocates 1n the axial direction of
the rotating cylinder 50.

The wvibration reduction mechanism 70 (vibration
absorber) 1s provided 1n the storage section 31B2 and 1n
opposition to the handle 10. The vibration reduction mecha-
nism 70 will be described 1n detail with reference to FIG. 3
through FIG. 7. FIG. 3 1s a perspective view of the vibration
reduction mechanism 70. FIG. 4 1s a cross-sectional view of
the vibration reduction mechanism 70, taken along line IV-1V
in FIG. 1. As shown 1n FIG. 3 through FIG. 5, the vibration
reduction mechanism 70 mainly includes a weight 71, a shaft
72, a support member 73, a pair of leal springs 74, a clamp
member 77, and a leaf-spring supporting member 79.

As shown 1n FIGS. 4 and 5, the shaft 72 has a circular
cylindrical shape. The shaft 72 1s fixed at its both ends to the
leat-spring supporting member 79. The axis of the shait 72
extends perpendicular to the directions (back-and-forth direc-
tions) for the reciprocating motion of the piston 43. In other
words, the shait 72 extends along a line perpendicular to the
plane of the figure. The axis of the shaft 72 i1s spaced apart
from the gravity center of the impact tool 1. The weight 71 1s
located away from the shaft 72 in the radial direction thereof.
The weight 71 1s positioned between the striking mechanism
(the piston 43, striking member 44 and intermediate member
46) and 1s positioned on or near an 1imaginary line extending
from the locus of the reciprocating motion of the working tool
16, while the weight 71 and the support member 73 1s swing-
ing about the shaft 72, as will be descried later. A stepped part
71A 1s provided at the lower part of the weight 71.

As shown 1n FIGS. 4 and 5, the lower end portion (one end
portion) of the support member 73 1s formed with a through
hole 73a. The shatt 72 1s inserted into the through hole 73a.
The upper end portion (another end portion) of the support
member 73 1s connected to, and formed integral with, the
weight 71. Therefore, the support member 73 1s swingably
supported by the shait 72. As the support member 73 swings
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about the axis of the shaft 72, the weight 71 swings together
with the support member 73, about the axis of the shait 72.

As shown i FIG. SA, the support member 73 has an
extension part 73A, which passes through an insertion hole
79a formed in the leaf-spring supporting member 79. The
extension part 73A 1s positioned the lower section of the
support member 73 and extends 1n a direction opposite to the
direction i which the support member 73 extends from the
shaft 72 toward the weight 71. A pair of elastic members 75
are provided at positions opposing the extension part 73A 1n
the left-to-right direction of F1IGS. 5A to 3C (i.e., front-to-rear
direction).

As shown 1 FIGS. 3 and SA, the leafl springs 74 are
arranged substantially parallel to each other. As shown 1n
FIG. 6, each of the leaf springs 74 has a contact part 74a, a
deformable part 74b, a root part 74¢, and a fixed part 74d. The
contact part 74a 1s capable of contacting a side surface
extending almost vertically, of the stepped part 71A of the
weight 71. The deformable part 745 has a small-width region
74b1 and a large-width region 7452. The large-width region
7452 15 positioned closer to the fixed part 744 than the small-
width region 74b1. The fixed part 744 1s formed with a notch
74e. The root part 74¢ and the fixed part 744 are clamped
between the clamp member 77 and the leaf-spring supporting,
member 79 by passing a bolt 78 through the notch 74e and the
clamp member 77. As a result, motion of the root part 74¢ and
the fixed part 74d are restricted. Thus, the root part 74c and the
fixed part 74d function as restricted members. The root part
74¢ opposes the upper end of the clamp member 77.

The small-width region 7451 1s narrower than the root part
74¢ 1n the axial direction of the shaft 72 (1.e., left-to-right
direction 1n FIG. 6). The large-width region 7452 1s broader
than the root part 74¢ in the axial direction of the shaft 72 (1.¢.,
left-to-nght direction in FIG. 6). The contact part 74a 1s
broader than the edge of the small-width region 7451, which
1s connected to the contact part 744, in the axial direction of
the shait 72 (1.e., left-to-right direction 1n FIG. 6). The small-
width region 7451 1s gradually narrower from the large-width
region 7462 toward the contact part 74a. As shown 1n FIG. 6,
distance L1 between point A on the contact part 74a and point
B on the root part 74¢ 1s approximately equal to distance 1.2
between point A and point C on the large-width region 7452.
A portion passing point C, of the large-width region 7452 in
the axial direction of the shaft 72 has the broadest width 1n the
large-width region 7452.

As described above, 1n the vibration reduction mechanism
70, the weight 71 and support member 73 are fixed to the
leat-spring supporting member 79 via the shaft 72, and the
leat springs 74 and clamp member 77 are fixed to the leat-
spring supporting member 79 via the bolt 78. Thus, the vibra-
tion reduction mechanism 70 1s assembled 1n the form of a
module. The modularized vibration reduction mechanism 70
1s fixed to the storage section 31B2 when the leaf-spring
supporting member 79 1s fixed to the bottom of the storage
section 31B2 by the bolt 80. As shown 1n FIGS. 7A to 7C, the
vibration reduction mechanism 70 1s attachable to and
detached from the storage section 31B2 when the bolts 33D
are removed, releasing the crank cover 33B.

Next, the operation of the impact tool 1 according to the
first embodiment will be described. The working tool 16 1s
pressed against a workpiece (not shown) with the handle 10
gripped by the user. Next, the trigger 13 1s pulled to supply
power to and rotate the electrical motor 21. This rotation
driving force 1s transmitted to the crank shatt 34 by way of the
pinion gear 23 and the first gear 35. The rotation of the crank
shaft 34 1s converted into reciprocating motion of the piston
43 1n the cylinder 40 by the motion converter mechanism 36
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(the crank weight 37, the crank pin 38, and the connecting rod
39). The reciprocating motion of the piston 43 leads to
repeated increments and decrements the pressure of the air in
the air chamber 45, thereby causing a reciprocating motion of
the striking member 44. The striking member 44 moves for-
ward and collides with the rear end of the intermediate mem-
ber 46, thereby applying an impact force to the working tool
16.

Also, the rotation driving force of the electrical motor 21 1s
transmitted to the rotation transmission shaft 51 by way of the
pinion gear 23, first gear 35, crankshaft 34, gear 35A and
second gear 52. The rotation of the rotation transmission shaift
51 1s transmitted to the rotating cylinder 50 by way of the first
bevel gear 51 A and the second bevel gear S0A, resulting 1n
rotation of the rotating cylinder 50. The rotation of the rotat-
ing cylinder 30 applies a rotation force to the working tool 16.
The workpiece (not shown) 1s fractured by the rotation force
and the impact force described above applied to the working
tool 16.

During the operation of the impact tool 1 described above,
a vibration with a roughly constant frequency resulting from
the reciprocating motion of the striking member 44 (and
working tool 16) 1s generated 1n the impact tool 1. The vibra-
tion 1s transmitted to the storage section 31B2 of the crank
case 31B. The vibration 1s transmitted from the storage sec-
tion 31B2 to the leat-spring supporting member 79. As a
result, the weight 71 and the support member 73 swing in the
direction that the piston 43 reciprocates (i.e., front-to-rear
direction). Since the weight 71 and the support member 73
swing, the vibration of the impact tool 1 can be effectively
reduced, thereby improving the operation of the impacttool 1.

Next, the motion of the vibration reduction mechanism 70
while the impact tool 1 1s operating will be described. As
shown 1n FIG. 5B, the weight 71 and the support member 73
swing to the front side as a result of the vibration generated by
the impact of the impact tool 1. At this point, the weight 71
swings to the left side against the resilient force (bias) of one
leat spring 74, which lies on the front side of the weight 71 (as
shown 1n FIG. 5B), while the contact part 74a of this leat
spring 74 1s abutting on the weight 71. Meanwhile, the exten-
sion part 73 A swings to the rear side against the resilient force
(bias) of one elastic member 75, which lies on rear side (as
viewed in FIG. 5B). When the inclination of the weight 71 and
support member 73 increases to a first predetermined angle,
the weight 71 and support member 73 start swinging to the
rear side (in FIG. 5B) because of the resilient forces of the one
leat spring 74 and the one elastic member 75.

When the weight 71 and the support member 73 swing to
the rear side (backwards) as shown 1n FIG. 5C, the weight 71
swings to the rear side against the resilient force of the other
leat spring 74, while the contact part 74a of the other leaf
spring 74 1s abutting on the weight 71. At the same time, the
extension part 73 A swings to the front side against the resil-
ient force of the other elastic member 735 that lies on the front
side (in FIG. 5C). When the inclination of the weight 71 and
support member 73 increases to the first predetermined angle,
the weight 71 and support member 73 start swinging to the
front side (1n FIG. 5C) because of the resilient forces of the
other leal spring 74 and the other first elastic member 75.

Thus, the pair of first elastic members 75 function as
swing-restricting members for preventing the weight 71 and
the support member 73 from swinging beyond the first pre-
determined angle. The first predetermined angle 1s the angle
of the weight 71 and the support shait 73, from their pre-
scribed (initial) position, 1n which the weight 71 swings to
reach the leftmost or rightmost the weight 71 shown 1n FIGS.
5A to SC. The pair of leaf springs 74 urges the weight 71 and
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the support member 73 toward prescribed positions where the
pair of leal springs 74, the weight 71, and the support member
73 have such a positional relation as shown 1n FIG. 5A. The
“prescribed positions” are positions where the weight 71
urged by the leaf springs 74 stays when the impacttool 1 1snot
operated, generating no vibration.

The impact tool 1 recerves a large impact when the impact
tool 1 falls onto a floor. The leaf springs 74 have their resilient
force deceased due to a long-term use. In either case, the
welght 71 may excessively swing. In this case, the weight 71
will abut on a part of the storage section 31B2 which opposes
the weight 71 1n a swinging directions thereof. Abutting on
the part of the storage section 31B2, the excessively swing
(the swing range 1n the swinging, dlrectmn) of the weight 71
can be restricted reliably and easily, thereby avoiding the
deformation and damage of the leat springs 74.

As stated above, the vibration reduction mechanism 70
according to the first embodiment has the weight 71, shatt 72,
support member 73 and leaf springs 74. The shaft 72 1s fixed
to the housing and extends perpendicular to the direction for
the reciprocating motion of the working tool 16. The weight
71 1s located away from the shait 72. The weight 71 1s swing-
ably supported by the support member 73 about the shaft 72.
The leaf springs 74 urge the weight 71 to return to the pre-
scribed position with respect to the housing 1n the swinging
directions of the weight 71. Hence, the shiding resistance
generates only between the support member 73, which define
the fTulcrum for the swing of the weight 71, and the shait 72,
while the weight 71 swings. Thus, the sliding resistance that
develops as the weight 71 moves with respect to the housing
can be reduced. Accordingly, the weight 71 can be swung
suificiently as a result of the vibration of the impact tool 1
generated by the reciprocating motion of the working tool 16,
thereby reducing the vibration of the impact tool 1 sudifi-
ciently. The vibration can therefore be fully reduced. More-
over, the durability of the impact tool 1 can be improved due
to the low sliding resistance. In addition, the distance the
support member 73 moves can be reduced, and the space 1n
which the support member 73 moves can therefore be
reduced.

Furthermore, the stepped parts 71 A are provided at both
edges of the weight 71 1n the swinging directions, and the
contact parts 74a of the leatl springs 74 contact the stepped
parts 71 A, respectively. Thus, the size of the vibration reduc-
tion mechanism 70 can be reduced 1n the swinging directions.
The vibration reduction mechanism 70 can therefore be com-
pact, thereby resulting a compact impact tool 1. Further, since
the leaf springs 74 do not project from the ends of the weight
71 1n the swinging directions unlike a spring engagement unit
171A described later in a second embodiment. Thus, the
vibration reduction mechanism 70 can be smaller than a
vibration reduction mechanism 170 of an impact tool 101
according to the second embodiment.

The lower section of the vibration reduction mechanism 70
that includes the elastic members 75, clamp member 77 and
leat-spring supporting member 79, which are arranged about
the shatt 72, 1s shorter than the distance the weight 71 swings
in the swinging directions (in the left-to-right direction 1n
FIG. 5). Therefore, the vibration reduction mechanism 70 can
have a compact size 1n the swinging directions of the weight
71.

The pair of elastic members 75 apply an urging force to the
extension part 73 A when the weight 71 and the support mem-
ber 73 swing. Therefore, when the weight 71 swings 1n one
direction of the swinging directions, the elastic members 735
can work to urge the weight 71 1n the other direction opposite
to the one direction. Moreover, the elastic members 75 can
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function as swing-restricting members for preventing one end
of the support member 73 and the extension part 73A from
further swinging beyond the position where the weight 71 1s
reversed.

Theurging portion includes two leat springs 74 which abut,
at one end, respectively on the both ends of the weight 71 1n
the swinging directions, and which are supported, at the other,
by the leaf-spring supporting member 79. The vibration
reduction mechanism 70, including the urging portion, does
not occupy so large a space as 1n the case where the vibration
reduction mechamism 70 includes two leafl springs. There-
fore, the 1mpact tool 1 can have a compact size.

Since the axis of the shait 72 1s spaced apart from the
gravity center of the impact tool 1, the weight 71 can be
greatly vibrated as a result of the vibration of the impact tool
1 generated by reciprocating motion of the working tool 16,
thereby reducing the vibration of the impact tool 1 effectively.
Since, the vibration reduction mechanism 70 1s positioned
between the striking mechanism and the handle 10, the vibra-
tion of the impact tool 1 generated by the reciprocating
motion of the working tool 16 can be effectively reduced.

Since the crank shaft 34 1s located at the front side the
output shait 22, a dead space 1s formed between the handle 10
and the reciprocation conversion unit. The vibration reduc-
tion mechamsm 70 1s provided in this dead space. Thus, the
space 1n the housing can be used efficiently. In addition, the
vibration reduction mechanism 70 can easily be assembled,
because the shaft 72 passes through the hole 73a formed 1n the
support member 73 and the support member 73 can therefore
swing about the shaft 72. Furthermore, the vibration reduc-
tion mechanism 70 can be simple in structure, because the
support member 73 can swing about the shaft 72 without
using bearings or the like. Moreover, the vibration of the
impact tool 1 caused by the reciprocating motion of the work-
ing tool 16 can be effectively reduced, because the weight 71
swings on or near the imaginary line extending from the locus
of the reciprocating motion of the working tool 16.

When the leaf springs 74 are deformed, no large stresses
generate 1n the contact parts 74a, which are a free end each.
On the other hand, a large stress generates 1n the root part 74¢
and fixed part 74d of each leal spring 74, because the root part
74c and fixed part 74d are restricting regions clamped
between the clamp member 77 and the leal-spring supporting
member 79. The small-width region 7451 1s provided on a
contact part 74a side of the deformable part 745 and the
large-width region 74562 1s provided on a root part 74¢ side of
the deformable part 74b. Therefore, this structure can ensure
the strength of the each leafl spring 74 while avoiding an
increase in the length thereof and can yield a small spring
constant. Further, the stress concentration in the small-width
region 74b1 can be avoided when each leal spring 74 1s
deformed, since the small-width region 7451 1s gradually
narrower from the large-width region 7452 toward the contact
part 74a.

When each leaf spring 74 1s deformed as the weight 71
swings, a larger stress 1s applied near the root part 74¢ that 1s
clamped between the clamp member 77 and the leaf-spring
supporting member 79, than 1n any other part of the leaf
spring 74. More specifically, the largest stress 1s applied near
the center (or near point B) of the root part 74¢ that 1s more
restricted 1n motion than any other part. Generally, 11 the leaf
spring 74 1s broken due to the deforming stress, the breakage
starts at the edge of the leat spring 74 1n most cases. Each leat
spring 74 may be broken at a part of the edge of the leaf spring
74 where the applied stress 1s the greatest, not at the center
part of the root part 74c where the applied stress 1s the largest
in the leaf spring 74. Generally, the applied stress 1s distrib-
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uted 1n a leaf spring shaped like the leat spring 74, such that
the applied stress at any point depends on the dlstance from
the point (the contact part 74a) of application of load for
deforming the leaf spring 74. Thus, 1n the edge of the leaf
spring 74, the largest stress 1s applied to the part that has a
distance 1.2 from the contact part 74a. The distance L2 is
equal to a distance L1 from the contact part 74a (point A) to
the center part (point B). In other words, the largest stress 1s
applied near the large-width region 74562 (point C) that lies a
little above the root part 74¢ (see FI1G. 6). An edge part of the
root part 74c¢ can be deformed a little 1n the left-to-right
direction 1n FIG. 6. Therefore, the stress applied to the edge
part of the root part 74¢ 1s smaller than the stress applied near
the large-width region 74562 (point C). The portion passing,
point C, of the large-width region 74562 where the largest
stress 1s applied has the broadest width i the large-width
region 7452 according to the first embodiment. Therefore, the
stress 1s uniformly distributed 1n the entire edge of the leaf
spring 47. This prevents the leal spring 47 from being broken
at the edge thereof. The lifetime of the leafl spring 47 can
therefore be prolonged.

The contact part 74a of the leatl spring 74 abuts on the
weight 71 and slides on the weight 71 at a high cycle as the
weight 71 swings. Further, the contact part 74a 1s broader
than that the edge of the small-width region 7451, which 1s
connected to the contact part 74a. The surface pressure
between the contact part 74a and the weight 71 can be
reduced while the contact part 74a slides on the weight 71.
This suppresses the wearing of not only the contact part 74a,
but also the weight 71.

In the vibration reduction mechanism 70, the weight 71 and
support member 73 are fixed to the leaf-spring supporting
member 79 via the shait 72, and the leaf springs 74 and clamp
member 77 are fixed to the leaf-spring supporting member 79
via the bolt 78. Thus, the vibration reduction mechanism 70 1s
assembled 1n the form of the module. The vibration reduction
mechanism 70 can be treated an assembly and can be attached
to, and detached from, the impact tool 1, whenever necessary.
Accordingly, the vibration reduction mechamism 70 can be
casy to disassemble, repair and reassemble.

Moreover, as shown in FIGS. 7A to 7C, the vibration
reduction mechanism 70 can be detached from the impact
tool 1, merely by pulling the bolts 33D, thus removing the
crank cover 33B from the impact tool 1 and then by pulling
the bolt 80 used to fasten the vibration reduction mechanism
70 to the impact tool 1. Since the crank cover 33B 1s the sole
component that surrounds the vibration reduction mechanism
70, the vibration reduction mechanism 70 1s easy to detach
from the impact tool 1. This renders the vibration reduction
mechanism 70 easy to disassemble, repair and reassemble.
Further, since the main cover section 33B1 of the crank cover
33B covers the first opening 31c¢, and the extension section
33B2 of the crank cover 33B covers the second opening 314,
the impacttool 1 can be reduce number of parts. Furthermore,
the weight 71 and the support member 73 can stably swing,
because the vibration reduction mechanism 70 1s fixed to the
storage section 31B2 of the crank case 31B that 1s made from
aluminum (high-hardness material).

Next, a reciprocating tool according to a second embodi-
ment of the present mnvention will be described while refer-
ring to FIGS. 8 through 10. The reciprocating tool of the
second embodiment 1s applied to an impact tool 101. Like
parts and components that are the same as those of the first
embodiment will be assigned the same reference numerals to
avold duplicating descriptions, and only ditlerent aspects will
be described. The impact tool 101 according to the second
embodiment does not include the rotating cylinder 50 and the
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control unit 24 used 1n the 1impact tool 1 of the first embodi-
ment. Therefore, no rotation 1s applied to a working tool 116
during the operation of the impact tool 1, and the electrical
motor 21 rotates at a fixed speed. The second embodiment 1s
different from the first embodiment 1n two other respects.
First, springs 147 are used in place of leal springs 74, as
urging portion of the vibration reduction mechanism 170.
Second, each of shafts 172 rotatably supported by a motion
conversion housing 131 is integrally formed with the support
member 173 at one end thereof.

The vibration reduction mechanism 170 1s provided 1n the
motion conversion housing 131. The vibration reduction
mechanism 170 includes a pair of units, which are arranged
on the both sides of the impact tool 101, respectively, and
which are symmetrically-placed to each other with respect to
the axis of the working tool 116. As shown 1n FI1G. 9, each unit
of the vibration reduction mechanism 170 has a weight 171, a
support member 173, springs 174, and swing restricting
members 131A. As shown 1n FIG. 10, one end portion of the
support member 173 1s integrally formed with support shaift
172 that extends in a direction perpendicular to a direction
that the support member 173 extends. The support shaft 172
also extends perpendicular to the directions for the recipro-
cating motion of the working tool 116. The support shaft 172
1s rotatably supported on the motion conversion housing 131
by a bearing 171C. The axis of the support shaft 172 aligns
with the gravity center of the impact tool 101. With this
arrangement, the support member 173 swings about the axis
of the support shaft 172 as the support shait 172 rotates. As a
result, the weight 171 swings, together with the support mem-
ber 173, about the axis of the support shait 172.

As shownin FIG. 9, one ends of the two springs 174 abut on
both ends of the weight 171 in swinging directions of the
weight 171, respectively. The weight 171 has a pair of first
spring engaging parts 171 A extending from the both ends of
the weight 171 1n the swinging directions, respectively. The
first spring engaging parts 171A are inserted in the one ends
of the springs 174, respectively. Thus, each first spring engag-
ing part 171 A contacts the inner surface of the associated
spring 174.

The swing restriction members 131A are located away
from the both ends of the weight 171 1n the swinging direc-
tions, respectively. The swing restriction members 131A are
fixed to the motion conversion housing 131. Each of the
swing restriction members 131A has an end face which
extends perpendicular to the swinging directions. The other
end of the associated spring 174 abuts on the end face of the
swing restriction member 131A. A second spring engaging
part 131B 1s projecting from the end face of each swing
restriction member 131A. The second spring engaging parts
131B of the swing restriction members 131A are mnserted 1n
the other ends of the springs 174, respectively. Thus, each
second spring engaging part 131B contacts the inner surface
of the associated spring 174. The weight 171, the first spring
engaging parts 171 A, and the second spring engaging parts
131B are arranged 1n an imaginary circle about the axis of the
support shaft 172.

While the impact tool 101 1s not operating, thus generating,
no vibration, both springs 174 urge the weight 171 back
toward a predefined position shown in FIG. 9. As the working
tool 116 reciprocates, the working tool 116 vibrates the
impact tool 101. If the weight 171 swings to the left side 1n
FIG. 9 as a result of the vibration of the impact tool 101
generated by the reciprocating motion of the working tool
116, one of the springs 174 urges the weight 171 to the right
side 1n FIG. 9 1n order to move the weight 171 back to the
predefined position. On the other hand, 11 the weight 171
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swings to the right side in FIG. 9 as a result of the vibration of
the impacttool 101, the other spring 174 urges the weight 171
to the left side 1n FIG. 9 1 order to move the weight 171 back
to the predefined position. Note that the swing restriction
members 131 A function as swing-range restricting portion.

Accordingly, the vibration reduction mechanism 170 can
absorb vibration of a frequency band having a constant width
centering on a resonance Irequency determined by the
weights 171, support members 173 and springs 174. Practi-
cally, the actual resonance frequency band will be slightly
wider and slightly lower than the theoretical resonance ire-
quency band due to the mfluence of damping and the like.
Thus, the resonance frequency 1s set to be slightly higher than
the vibration frequency of the working tool 116.

While swinging the weight 171, the first spring engaging,
parts 171 A abut on the second spring engaging part 131B of
the swing restriction members 131 A. Thus, the swing restric-
tion members 131A prevent the weight 171 from further
swinging through an angle of the weight 171 in which the first
spring engaging parts 171 A abut on the second spring engag-
ing parts 131A. That is, the swing restriction members 131A
can easily restrict the range of angle of the weight 171 1n the
swing direction. Moreover, the vibration reduction mecha-
nism 170 can reduce the vibration of the impact tool 101
generated by the reciprocating motion of the working tool
116, because the vibration reduction mechanism 170 includes
two units arranged symmetrical to each other with respect to
the axis of the working tool 116.

Next, a reciprocating tool according to a third embodiment
of the present invention will be described while referring to
FIG. 11. The reciprocating tool of the second embodiment 1s
applied to an impact tool 201. Like parts and components that
are the same as those of the first embodiment will be assigned
the same reference numerals to avoid duplicating descrip-
tions, and only different aspects will be described. In the
impact tool 201 according to the second embodiment, the
vibration reduction mechanism 70 1s positioned upside down
with respect to the vibration reduction mechanism 70 of the
impact tool 1 according to the first embodiment. Hence, 1n the
storage section 31B2, the weight 71 1s located at a low posi-
tion, and the leaf-spring supporting member 79 1s located
above the weight 71. The vibration reduction mechanism 70
1s secured with bolts 280 to the storage section 31B2.

With the above-described structure, the vibration reduction
mechanism 70 can be detached from the impact tool 201,
merely by pulling the bolts 33D (shown 1n FIG. 7), thus
removing the crank cover 33B from the impact tool 201 and
then by pulling the bolt 280 used to fasten the vibration
reduction mechanism 70 to the impact tool 201. Since the
crank cover 33B 1s the sole component that surrounds the
vibration reduction mechanism 70, the vibration reduction
mechanism 70 1s easily detached from the impact tool 201,
thereby increasing the efficiency of disassembling, repair and
reassembling the vibration reduction mechanism 70.

Further, with the configuration of the third embodiment,
the swing axis of the weight 71 can be spaced apart from the
gravity center of the impact tool 201. Therefore, the swing
axis of the weight 71 can move a long distance as the impact
tool 201 1s vibrated. Accordingly, the weight 71 can be swung
well 1n response to the vibration of the impact tool 201. The
impact tool 201 according to the third embodiment also
obtains the same effects as the impact tool 1 according to the
first embodiment described above.

The impact tools of the present invention are not restricted
to the embodiments described above, and various changes
and 1improvements may be eflected within the scope of the
claims. For example, as shown 1n FIG. 12, a pair of vibration
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reduction mechanisms 70 of the type used 1n the first embodi-
ment may be arranged symmetrical with respect to the axis of
the working tool (not shown). In this case, the vibration
reduction mechanisms 70 are fixed to the storage section
31B2 by the shaits 72 that serve also as a bolt, respectively.

Further, in the second embodiment, instead of the pair of
leat springs 74, a pair of dampers may be provided on both
ends of the weight 71 in the swing directions. The pair of
dampers 1s made of resilient material and functions as swing-
range restricting portion. With this structure, since each of
dampers ol the weight 71 abuts on a part of the storage section
31B2 which opposes the weight 71 1n the swinging directions
when the weight 71 swings by a second predetermined angle,
the excessively swing (the swing range in the swing direction)
of the weight 71 can be restricted reliably and easily. The
second predetermined angle 1s the angle of the weight 71 and
the support shatt 73 in which the damper of weight 71 abuts
on the part of the storage section 31B2. Since the swing-range
restricting portion 1s the pair of dampers, the impact force of
the damper can be butiered when the damper strongly hits the
storage section 31B2, thereby avoiding the breakage and
deformation of the storage section 31B2, and vibration by hit
of the damper.

Further, since a weight of the pair of dampers can be added
a total weight of the weight 71, the total weight of the weight
71 can be increased. The pair of dampers corresponds to
second contact member. The pair of dampers may be provided
on the storage section 31B2. In this case, the both ends of the
weight 71 abut the pair of damper provided on the storage
section 31B2, respectively.

Furthermore, the vibration reduction mechanisms 70 and
170 1n the above embodiments include the pair of leaf springs
74 and the pair of springs 174. However, the vibration reduc-
tion mechanisms 70 and 170 may include one leaf spring 74
and one spring 174.

The leaf springs may not be limited to the leaf springs 74 as
shown 1n FIG. 6 but may be used leaf springs 274 as shown 1n
FIG. 13. As FIG. 13 shows, each of the leal springs 274
includes a pair of contact parts 274a, a deformable part 2475,
a root part 274¢, and a fixed part 2744d. The leaf spring 274 1s
formed with a V-notch 274/, which 1s cut in the upper part and
which defines contact parts 274a and two small-width regions
274b1. That 1s, the deformable part 2745 has the small-width
regions 27451 which are continuous to the contact parts 274aq.
Theretore, the leat spring 274 can ensure the strength of the
leal spring 274 while avoiding an increase in the length
thereol and can vield a small spring constant. Further, the
stress concentration in the small-width region 27451 can be
avoided when the leal spring 274 1s deformed, since the
small-width region 274561 1s gradually narrower toward the
contact part 74a. According to the shape of the leaf spring
2774, the distal part of the leat spring 274, 1.e., the part of the
small-width regions 27451 near the contactparts 274a, can be
narrow width, while mamtaining an 1deal stress distribution
in the leat spring 274. Therefore, the leaf spring 274 1s hardly
twisted when deformed, thereby prolonging service life of the
leat spring 274.

The embodiments described above are hammer drills and
hammers. Nevertheless, the present invention can be applied
to any tool that drives a working tool back and forth.
Examples of such tools include saver saw, j1g saw, vibration
drill, impact tool.

The invention claimed 1s:

1. A reciprocating tool comprising;:

a housing;

a driving source accommodated in the housing;
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a reciprocation conversion unit supported by the housing
and configured to convert a driving force of the driving
source 1mnto a reciprocating motion for providing a tool
bit movably supported to the housing with a reciprocat-
ing motion; and

a vibration reduction mechanism comprising:

a shaft supported by the housing and extending in a
direction perpendicular to directions of the recipro-
cating motion of the tool bit and having an axis; and

a weight located away from the shait and swingable 1n a
swinging direction;

a support member swingably supporting the weight
about the axis of the shaft; and

a urging portion including a spring that 1s capable of
contacting the weight, wherein the spring can urge the
weight toward a prescribed position of the weight 1n
the swinging direction with respect to the housing.

2. The reciprocating tool according to claim 1, wherein a
pair of the vibration reduction mechanisms are provided, the
pair of the vibration reduction mechanisms being positioned
symmetrically to each other with respect to an axis of the tool
bit.

3. The reciprocating tool according to claim 1, further
comprising a swing-range restricting portion capable of
restricting a swing angle range of the weight in a swing
direction of the weight.

4. The reciprocating tool according to claim 3, wherein the
support member has one end portion movable about the axis
of the shaft and another end portion connected to the weight,
the support member and the weight being integrally swing-
able, and

wherein the swing-range restricting portion includes a first
contact member made of a resilient material and capable
of preventing the weight and the support member from
swinging beyond a first predetermined angle upon abut-
ment of the one end portion on the first contact member.

5. The reciprocating tool according to claim 3, wherein the
swing-range restricting portion includes a pair of second con-
tact members, each second contact member being provided
on each end of the weight 1n the swinging direction, each of
the second contact members abutting on the housing when the
welght swings by a second predetermined angle.

6. The reciprocating tool according to claim 1, wherein the
spring includes a pair of leat springs each having one end and
another end, the one end of the leaf spring being capable of
contacting the weight, and the another end of the leaf spring
being fixed to the housing.

7. The reciprocating tool according to claim 1, wherein the
axis of the shait 1s spaced apart from a gravity center of the
reciprocating tool.

8. The reciprocating tool according to claim 1, further
comprising;

a striking mechanism provided between the tool bit and the

vibration reduction mechanism: and

a handle provided on the housing, the vibration reduction
mechanism being positioned between the striking
mechanism and handle.

9. The reciprocating tool according to claim 8, wherein the

driving source includes a motor having an output shaft, and
wherein the reciprocation conversion unit comprises:

a crank shaft extending parallel to the output shatt;

a crank weight rotating with a rotation of the crank shatt;

a crank pin rotating about the crank shaft with a rotation of
the crank weight; and

a connecting rod having one end connected to the crank pin
and another end capable of reciprocating in the direc-
tions of the reciprocating motion,
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wherein the crank shaft 1s positioned between the output
shaft and the striking mechanism.

10. The reciprocating tool according to claim 1, wherein

the support member 1s swingably supported to the shaft.

11. The reciprocating tool according to claim 1, wherein
the weight 1s positioned on or near an 1maginary line extend-
ing from a locus of the reciprocating motion of the tool bait.

12. The reciprocating tool according to claim 1, wherein
the spring includes a pair of leal springs each having a
restricted part, a contact part, and a deformable part, the
restricted part being fixed to the housing, motion-restricted by
the housing and having one end portion connected to the
deformable part, the contact part being capable of contacting
the weight, and the deformable part being interposed between
the restricted part and the contact part, and

wherein the deformable part includes a small-width region
having a width, 1n an axial direction of the shaft, smaller
than that of the one end portion of the restricted part.

13. The reciprocating tool according to claim 12, wherein
the small-width region has a width gradually narrower toward
the contact part.

14. The reciprocating tool according to claim 13, wherein
the deformable part further includes a large-width region
having a width, 1n the axial direction of the shaft, broader than
that of the one end portion of the restricted part, and

wherein the small-width region 1s interposed between the
large-width region and the contact part.

15. The reciprocating tool according to claim 14, wherein
the contact part has a width 1n the axial direction of the shaft
broader than that of the small-width region.

16. The reciprocating tool according to claim 1, wherein
the housing includes a storage section accommodating the
vibration reduction mechanism, and a cover detachably pro-
vided and covering the storage section, and

wherein the vibration reduction mechamsm 1s detachable
with respect to the storage section through the cover.

17. The reciprocating tool according to claim 16, wherein
the vibration reduction mechanism 1s modularized.

18. The reciprocating tool according to claim 16, wherein
the housing includes a crank cover covering the reciprocation
conversion unit and integrally formed with the cover.

19. The reciprocating tool according to claim 18, wherein
the housing includes a crank case supporting the reciproca-
tion conversion unit and made of a rigid matenal, the crank
case including the storage section.

20. A reciprocating tool comprising:

a housing;

a driving source accommodated 1n the housing;

a reciprocation conversion unit supported by the housing
and configured to convert a driving force of the driving
source 1nto a reciprocating motion for providing a tool
b1t movably supported to the housing with a reciprocat-
ing motion;

a vibration reduction mechanism comprising:

a shaft supported by the housing and extending in a
direction perpendicular to directions of the recipro-
cating motion of the tool bit and having an axis; and

a weight located away from the shait and swingable 1n a
swinging direction;

a support member swingably supporting the weight
about the axis of the shaft; and

a urging portion urging the weight toward a prescribed
position of the weight 1n the swinging direction with
respect to the housing; and

a swing-range restricting portion capable of restricting a
swing angle range of the weight 1n a swing direction of
the weight.
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21. The reciprocating tool according to claim 20, wherein
the support member has one end portion movable about the
axis of the shait and another end portion connected to the
weight, the support member and the weight being integrally
swingable, and

wherein the swing-range restricting portion includes a first
contact member made of a resilient material and capable
of preventing the weight and the support member from
swinging beyond a first predetermined angle upon abut-
ment of the one end portion on the first contact member.

22. The reciprocating tool according to claim 20, wherein
the swing-range restricting portion includes a pair of second
contact members, each second contact member being pro-
vided on each end of the weight 1n the swinging direction,
cach of the second contact members abutting on the housing
when the weight swings by a second predetermined angle.

23. A reciprocating tool comprising:

a housing;

a driving source accommodated 1n the housing;

a reciprocation conversion unit supported by the housing
and configured to convert a driving force of the driving
source 1nto a reciprocating motion for providing a tool
bit movably supported to the housing with a reciprocat-
ing motion; and

a vibration reduction mechanism comprising:

a shaft supported by the housing and extending in a
direction perpendicular to directions of the recipro-
cating motion of the tool bit and having an axis; and

a weight located away from the shaft and swingable 1n a
swinging direction;
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a support member swingably supporting the weight
about the axis of the shaft; and

a urging portion urging the weight toward a prescribed
position of the weight 1n the swinging direction with
respect to the housing,

wherein the urging portion includes a pair of leaf springs

cach having a restricted part, a contact part, and a
deformable part, the restricted part being fixed to the
housing, motion-restricted by the housing and having
one end portion connected to the deformable part, the
contact part being capable of contacting the weight, and
the deformable part being interposed between the
restricted part and the contact part, and

wherein the deformable part includes a small-width region

having a width, 1n an axial direction of the shaft, smaller
than that of the one end portion of the restricted part.

24. The reciprocating tool according to claim 23, wherein
the small-width region has a width gradually narrower toward
the contact part.

235. The reciprocating tool according to claim 24, wherein
the deformable part further includes a large-width region
having a width, 1n the axial direction of the shaft, broader than
that of the one end portion of the restricted part, and

wherein the small-width region 1s interposed between the

large-width region and the contact part.

26. The reciprocating tool according to claim 25, wherein
the contact part has a width 1n the axial direction of the shaft
broader than that of the small-width region.
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